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REMARKS 

Claims 19, 20, 23, 24, 29-31, 33, 34, 36, 38 and 40-43 are 
pending and stand ready for further action on the merits. Claims 
19, 23, 24, 29-31, 33, 34 and 40 have been withdrawn from 
consideration as being drawn to non-elected subject matter. 

Independent claims 19, 20 and 42 have been amended to recite 
that the IRES sequence is from a tobamovirus. In addition, claims 
44-48 are newly cancelled herein. 

No new matter has been added by way of the above amendments. 

Interview 

Applicants would like to thank Examiner Lambertson for his 
time and consideration with the telephone interview of September 
15, 2004 with Applicants' representatives in the U.S. and Germany. 
The Applicants found the Examiner's comments very helpful in 
addressing the issues raised in the Office Action and each of the 
Examiner's concerns are addressed herein. 

Sequence Listing 

Applicants' note the Examiner's request that the figures be in 
a Sequence Listing. An appropriate Sequence Listing is being 
prepared and will be submitted under separate cover at a later 
date . 

dEST AVAILABLE COPY 
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Restriction of the claims 

The Examiner maintains the restriction requirement as between: 
Group I - Process claims 19, 23, 24, 29-31, 33, 34, 40 and 44; 

and 

Group II - Product claims 20, 36, 38 and 41-43, 45-48. 

Applicants respectfully request rejoinder of the withdrawn 
process claims as being drawn to a process for making a product 
that is both novel and unobvious. During the interview, the 
Examiner indicated that if rejoined, the process claims may be 
subject to rejections under 35 U.S.C.§112, 1 st and/or 2 nd paragraph. 

However Applicants fully believe that the withdrawn process 
claims are fully compliant with the requirements for patentability 
under 35 U.S.C.§112, 1 st and 2 nd paragraphs. Regarding 35 
U.S.C.§112, 2 nd paragraph, the withdrawn process claims use the same 
language to describe the claimed features as do the elected claims 
which have been deemed definite. As such, the elements and 
features of the process claims are also definite for purposes of 35 
U.S.C. §112, 2 nd paragraph. 

Regarding 35 U.S.C. §112, 1 st paragraph, enablement, the 
specification provides working examples of transgenic plant and 
animal cell lines made in accordance to the process of independent 
claim 19. As such, Applicants are claiming no more than they have 
demonstrated with working examples and the invention is therefore 
fully enabled. Regarding 35 U.S.C. §112, 1 st paragraph, written 



8 



Appl. No. 09/911,732 

description, Applicants are again claiming no more than is 
described in the specification. As discussed below, the 
specification fully describes the genus of IRES sequences from 
tobamoviruses such that one skilled in the art would view the 
present inventors to be in possession of the claimed genus at the 
time of the invention. In addition, the examples of the 
specification fully support transgenic plant and animal cell lines 
or clones transformed with the IRES sequences of the invention. As 
such, Applicants sufficiently described how to use the process 
encompassed by independent claim 19 and the dependent claims 
thereon so as to fulfill the requirements for written description. 
Rejoinder and allowance of the withdrawn claims are therefore 
respectfully requested . 

Rejections under 35 U.S.C. §112, 1 st paragraph, written description 

Claims 20, 36, 38, 41-43 and 45-48 remain rejected under 35 
U.S.C. §112, 1 st paragraph for lack of written description. In 
support of the rejection, the Examiner asserts 1) that the 
specification contains no indication of structural requirements for 
IRES sequences of the invention, 2) that the specification 
discloses only a single IRES sequence and 3) that Ivanov et al. 
teach that the IRES sequence from crTMV is unique even to the genus 
of tobamoviruses. Applicants traverse this rejection and 
withdrawal thereof is respectfully requested. 
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Firstly, Applicants note that the present claims have been 
amended to be drawn to the genus of IRES sequences from 
tobamoviruses. The Examiner's assertions in forming the rejection 
are addressed in turn in relation to the amended claims. 

The Examiner asserts that the specification discloses IRES 
sequences isolated from only a single species of tobamovirus, that 
being crTMV. The Examiner's assertion in this regard is incorrect 
because the specification discloses IRES sequences identified by 
the inventors in three different species of tobamovirus. On a 
related issue, Applicants note that the conclusion in Ivanov et al. 
that the IRES from crTMV is unique even to other tobamoviruses is 
incorrect. Attached hereto is a Declaration of the inventors 
submitted under 37 C.F.R. §1.132. 

With the exception of Timo Korpela all of the present 
inventors were also authors on the Ivanov et al . article. As such, 
the inventors have first hand knowledge of the experiments, results 
and conclusions presented in Ivanov et al . As discussed in the 
Declaration, due to the experimental conditions used in the 
experiments of Ivanov et al., the authors/inventors were unable to 
detect an IRES sequence in TMV Ul. In addition, the work in Ivanov 
et al. preceded the work reported in the present specification and 
had been submitted with a manuscript in August of 1996, i.e. prior 
to the Finnish priority date of the present application of May 30, 
1997. Subsequent to the submission of the Ivanov et al. manuscript 
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the inventors determined that certain conclusions that had been 
reached in Ivanov et al . were, in fact, incorrect. 

Specifically, subsequent to the submission of the Ivanov et 
al. paper, the authors/inventors determined with the experiments 
that led to the present application, that the failure to detect an 
IRES sequences in TMV Ul was an experimental artifact and IRES 
activity was detected for the sequence upstream of the coat protein 
gene of TMV Ul in yeast cells. It thus turned out that the 
conclusion of the Ivanov et al . reference that crTMV was unique in 
having IRES elements was incorrect. Indeed the specification 
reports the identification of IRES sequences in three different 
species of tobamovirus. 

The genus of tobamovirus is a small one, with roughly 19 
species. At the time of the invention approximately ^ of those 
species had been identified, i.e. less than 10. Thus, the 
identification of the three IRES sequences in the specification is 
representative of the claimed genus. That the species disclosed in 
the specification adequately support the claimed genus is further 
supported by the common structural elements seen with all the IRES 
sequences from tobamoviruses . 

In this regard, the Examiner asserts that the specification 
fails to disclose structural requirements for the IRES sequences of 
the invention. However, a review of the disclosure of the 
specification reveals that the IRES sequences do, in fact, have 
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common structural elements. For example, Figures IB to 1H of the 
above-captioned application show predicted secondary structures of 
various tobamoviral IRESs. The 3' -end of the IRESs is defined by 
the AUG start codon. The RNA sequences forming these IRESs have 
pronounced self-complementarity, enabling the formation of multiple 
duplex (base-paired) structures in major parts of the IRES RNA 
sequences. Major parts of the IRESs are involved in secondary 
structures. The IRESs form at least one, and typically two to four 
stem-loops . 

As can be further seen from the figures; the stems of the stem- 
loops can be very large, whereby large stems may be interrupted by 
bulges. These bulges frequently occur as symmetric bulge loops, 
i.e. the bulges occur on opposing strand segments and opposing 
bulges of a bulge loop frequently have the same number of bases. In 
addition, the primary structures of the IRESs share the common 
feature of being U-rich. 

Coat protein IRESs are typically rich in purine bases in loops 
that connect stem-loops structures. Such purine-rich loops that 
connect stem-loop structures typically have more than four bases. 

The skilled person envisions that tobamoviral IRESs other than 
those specifically mentioned and shown is Fig. IB to 1H would have 
the same structural properties as described above under item 1 and, 
as a consequence, will also have IRES activity. As such, the 
claimed genus of IRES sequences from tobamoviruses for the present 
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invention is sufficiently described by the recognition of common 
structural features . 

As the concerns raised by the Examiner have been addressed 
herein with the present amendments and corresponding remarks , 
withdrawal of the rejection is respectfully requested. 

Rejection under 35 U.S.C.§112, 1 st paragraph, Enablement 

Claims 20, 36, 38, 41-43 and 45-48 remain rejected under 35 
U.S.C. §112, 1 st paragraph for lack of enablement. The Examiner has 
taken the position that the specification, while being enabling for 
an IRES of crTMV origin, does not reasonably provide enablement for 
any IRES of plant viral origin. 

The Examiner maintains the rejection with the assertions that 
the claimed genus is broader than the enabled scope, that the 
specification discloses only a single IRES sequence from crTMV and 
that Ivanov et al. teach that the crTMV IRES sequence is unique 
even among other tobamoviruses . Applicants traverse this 

rejection and withdrawal thereof is respectfully requested. 

With regard to the scope of the claims, the present invention 
has been amended to be defined as being IRES sequences from 
tobamoviruses. This genus is fully enabled by the specification. 
As discussed above, the specification discloses IRES sequences from 
three different tobamoviruses and all of the identified IRES 
sequences share common features, such that one skilled in the art 
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would conclude that IRES sequences could easily be isolated from 
other tobamoviruses using the same techniques as those disclosed in 
the specification. As further discussed above, the report in 
Ivanov et al. that the crTMV IRES sequence is unique even among 
tobamoviruses was erroneous and later found by the inventors to be 
an experimental artifact. As such, the present invention, as 
claimed, is fully enabled and withdrawal of the rejection is 
respectfully requested . 

Attached hereto is another publication, Skulschev et al., 
Virology, Vol. 236 (1999) pp. 130-154, which the Examiner may want 
to make of record before allowing this application. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact MaryAnne Armstrong, PhD, (Reg. No. 40,069) at 
the telephone number of the undersigned below. 
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If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of 
time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 



B 




PhD, #40,069 



#28, 977 



GMM/MAA/csm 
4360-0102P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachment (s) : 1) Declaration under 37 C.F.R. §1.132 

2) Skulschev et al . , Virology, Vol. 236 (1999) pp. 130-154. 
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Internal Initiation of Translation Directed by the 5'-Untranslated Region 
of the Tobamovirus Subgenomic RNA l 2 

M. V Skulechev* P. A. Ivanov,* O. V. Karpova,* T. Korpela,* N. P. Rodionova,* Yu. L. Dorokhov,* and J, G. Atabetov*' 1 

'Oeparrmenr of Virology and +A A/. Qotozersky Institute of PhysicochBmical Biology. Moscow Stole University Moscow 1 7989$, Russia; 
end t Finnish-Russian Joint Biotechnology Laboratory, University of Turku, SF-20520 Turku. Finland 

R&cciv&d March 16. 1999; r&zurmsd to author for fin*/ revision April 20. 1999; sccepT&d July L'/, 1999 

Previously we reported that, unlike RNA of typical tobamoviruses. the translation of the coat protein (CP) gene of a 
cruclfer-lnfectlng tobamovirue (crTMV) in vitro occurred by an internal ribosome entry mechanism mediated by the 1d8-nt 
region that contained an internal ribosome entry site (IREScp^n 0 *). The equivalent 148-nt sequence from TMV Ul RNA 
(Ul cPMaH was incapable of promoting internal initiation. In the present work, we have Tound That the 228-nt region upstream 
of the movement protein (MP) gene of crTMV RNA (IRESmr^) contained en IRES element that directed in vitro translation 
of th© 3'-provimal reporter g©nes from chimeric dlciatronie transcripts. Surprisingly, the equivalent 226-nt sequence 
upstream from the MP gene of TMV lit directed transition of the downstream gene of a dicistronic transcripts as well, 
w Consequently this sequent was termed IRES MI >„ B *'\ It was shown that IRES^, 01 , IRES MP|??a u \ and IRES C p. H0 Cfl could mediate 
expression of the 3'-proximal GUS gene from dicistronic 35S promoter-based constructs in vivo in experiments on 
transection of tobacco protopleate and particle bombardment of Nicotians bontharhlana leaves. The results indicated that 
an IRES element was located within thg 73-ni region upstream or MP gene (iRES Mr<7B ), wnicn corresponded closely to the 
length of tho S'UTR of TMV oubgonomio RNA (ogRNA) l z . Tho RNA tronccripta structural ty equivalent to l a sgRNAc of TMV 
U1 and crTMV. but containing a hairpin structure (H) Immediately upstream of IRES W[ >,„ (HIRES W p.« RB -MP^CP-3'UTFt: 
HIRES UD , 5 Ul -MP-CP'3'UTR), were able to express the MP gene in vitro. The caoaelty of HIRES„p, 75 cn seauenec for mediating 
internal translation of the 3'-proxImal GUS gene in vivo, in tobacco protoplasts, was demonstrated. We suggested that 
expression of the MP gene from l a agflNAs might proceed via internal ribosome entry pathway mediated by IRES„ P element 
contained in the 75-nt 5'UTFL Our results admit that a ribosome scanning mechanism or the MP gene expression from i s 
agRNA operates concurrently, o Anadcmic Press 
Key Words: tobamovirus; MP gene; subgenomic RNA: internal ribosome entry; 5'UTR, 



INTRODUCTION 

Translation of RNA of tobamoviruses occurs by a scan- 
ning mechanism traditional for the majority of oukaryotic 
mRNAs (for reviews, see Kozak, 1989; Pain, 1996). In 
accordance with this mechanism, structurally polycis- 
tronic tobamovirus RNA is functionally monocistronic, 
J- Q , only the 5'-proximal open reading frame (ORF) en- 

. ^Jing ihe RNA replicative protein and Us readth rough* 

product can be translated from genomic RNA (Bruening 
et ai, 1976; Pelham and Jackson, 1976), whereas other 
genes are expressed from two separate subgenomic 
RNAs (sgRNAs) (reviewed by Palukaitis and Zaitlin, 
1986). The dicistronic intermediate-length RNA-2 called 
sgRNA l 2 RNA is translated to produce the 30-kDa move- 
ment protein (MP) (Bruening er aL, 1976; Higgins et aL 
1976; Beachy and Zaitlin, 1977; Goelet and Karn, 1982), 
whereas The 3'-proximal coat protein (CP) gene of \ z RNA 
is translationally silent. This gene is expressed only from 
small monocistronic sgRNA (Beachy and Zaitlin, 1977). 



1 To whom reprint requests should be addressed. Fax, (086} 936-06- 
01: E-mail* Aiabek.uvOqenabee.msu.su. 
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It has been generally accepted that in contrast to 
genomic RNA, the \ z RNA of TMV U1 is uncspped (Hunter 
er QL, 1983; Josh! er ai., 1983; Lehto er ai. t 1990). It has 
been suggested by Lehto etal. (1990) that the lack of a 5' 
m'G-cap and the relatively long 5'-untran3lated (S'UTR) 
leader sequence (75 nucleotides, nts) might make the \ t 
RNA a poor template for translation compared with the 
CP sgRNA, which is capped and has a short (9 nts) 
leader sequence (Guiuey er ai., 1979). 

The genome of a cruciTer-inrecilng tobamovirus 
(crTMV) contains four traditionaf genes encoding two 
components of the replicase (the proteins of 122 and 178 
kDa t the readthrough product of 122 kDa), 29-kDa MP 
and 17-kDa CP (Dorokhov era/., 1993, 1994). It was found 
that the 148-m region upstream of the CP gene of crTMV 
RNA contained an internal ribosome entry site 
(IRES C p.H8 Cn ). promoting internal initiation of the CP gene 
and different reporter genes translation in vitro. The 
equivalent 148-nt sequence from TMV U 1 RNA {U1 CP . W SH J 
was incapable of mediating an internal in vitro transla- 
tion (Ivanov er aL 1997). The capacity of crTMV 
JRES 0 r- )H o Cri for mediating internal translation distin- 
guishes this tobamovirus from the type member of the 
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GGTACCGGGCCCCCCCTCGAGGTCGACGGCTATCGATAAGCTTGATATCGAA T 
CCATGGCCCGGGGGGGAGCTCCAGCTGCCGATAGCTATTCGAACTATAGCTTA T 

FIG 1 SohcmoHo representation of the diclstronic CPMP crTMV RNA transcript and Its derivatives, (A) CP transcript contains the 5' leader (51-nt) 
with no AUG codons up*ir*am from CP gene. (8) HCP, The CP gene with the 102-nt upstream eequariCQ forming a potentially stable hairpin (H). (C> 
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"C) with the 5'-T«?rminal hairpin H.-(E) CPlRES^^-MP; the 2?B-nt sequence located Upstream OT the MP gene of crTMV was inserted between the 
CP'and MP genes in construct C. (FJ HCHRESw^'-IVIP. Oicistronic transcript corresponding to that in E but carrying hairpin H st the R' termini. (G) 
Dredic50C l SCC anaary structure of the 5'-terminel stem-loop W, 8o*ee represent the ORI=£, which are drawn in *c»lc. Numbers indicate the 
corresponding nucleotides of crTMV RNA sequence (Dorokhov er qL 1994), 



the expression of GUS gene (Figs. 4A and 4B); however, 
Ttie resulTS varied significantly in different experiments. 
To characterize precisely the relative efficiencies of 
IREScf^ and iRES M p cb in directing internal translation, 
the dicistronic transcripts HCPlRES W p.s2s Cn GUS and 
I !CP1RES CP . 1<I0 CR GUS were translated in WGE and the en- 
zymatic activities of GUS produced in vitro were deter- 
mined. Figure 5A shows that abilities of lRES Mr:! „ CH and 
IRES CPil i,a Crt to promote internal translation do not differ 
substantially. 

The transcripts HCPU1 wtp^GUS and HCPIRESmp^^GUS 
were comporcd hoping to demonstrate a functional dif- 
ference between the equivalent regions located up- 
stream of MP genes in TMV LM and crTMV RNA by 



analogy with differences revealed between the U1 CRnJVe 
and lRES c p,i«m cc< mentioned above. It was expected that 
U1 M pj£a SP would serve as the equivalent negative control 
for the IRES M p.22& CR sequence in dicisTronic constructs. 
Surprisingly, a significant amount of GUS was produced 
upon translation of dicistronic constructs 
HCPU1 MP(KB S,, GUS. Tne level of GUS product accumula- 
tion varied in different in vitro translation experiments:, 
however, the U1 M p.8se =r sequence invariably promoted tne 
GUS gene expression despite? its 3 f -pro*irn9l localization 
(Fig. 4B). These results implied strongly that the 228-nt 
U1 M p.22e SP sequence upstream of the MP gene of TMV U1 
RNA contained an IRES element. Therefore it was re- 
ferred to beslow as IRES MR228 U \ In other words, both of 
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concentration of transcripts V40 u ,Zr^. V* 9e ' £ eomai ™8 "Smwhiomna-iatx 
bOg) are ma/catea ^ U ,CSS ° Tf,erwlse indicated. The positions cjf CPs 
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rhe eff.ciency of different crTMV RNA and TMV U 1 R NA 

STv* X ° Pr ° m0Ie ' nTernal ,ran slation of the 3'-prox 
.mo n^.un gene was compared quantitatively by dete* 
mmmg the obelin activity after translation of dicUSnic 
transenpts in WGE. The dat 3 presented in Fi 5B S 
cat. th , he efficiency of the 3'-proximal obelin gene 

SS" c^ F SlaTi ° n *f s «'mll-r when mediated 9 by 

■"« MPt2a8 (F, g , 5B, column a) and IRFS /ci„ CD 

column b) intercistronic sequences " It shou^be^mpha 
Q 8 " ed th f T th * eTfic,6nc V °< the equivalent S 8 n, se- 

leTv^o^P U ', RNA (,RES — U,) W3S ■'«>'■" 

lively high (Fig.-5B. column c). 

Expression of the 3<-prox/mal GUS gene In vivo 
To rest whether ihe IRES Cfl inco u, 
JRES sequences also ^ in^on* 
trensia.on ,y, wvo. tW0 experiment, -ppro.^ 
used. (,) transient expression 35S prom« er -b«.d plo™ 



S^SS^ - -Tronic 

luciferase. LUC. lens] lZ ^^Z?*'^ 
oroximal position. Th* genes Wcre * [ 

quences mentioned above. Figure 6 snows that GUS 

Zi^%:T n r 8 Pr ° m0ted ,n tobacco p^o 

toplasts by dicistronic constructs even when the lir« 
gene w aa blocked by hairpin structure (Fig. 6 rJ) In agree 

Z7*r? R : he vT ° bta,nea ' n CeJ, " free ™n 8 'S7on 
system (Fig. 5), the eff cienc/es of iBPc; <=« 
lore cfl /„„l,,. " 07 '"fc^MP.jiB and 

, CPJ " <o°rurnn 5 a and b in Figs. 6A-6C) were rela- 
t,ve )y simil.r, wh ereas the mclen % of gn ^ ^ 

gene trans/etion direcied in vivo bv IRFq 
somewhb, iower (column c in Rgs.1 A m ££ 
projectne bombardment was «pp ( , ed for tran Lot ex- 
mzs Z 3 '-P^,ma, GUS gene mediated by three 
IRES sequences l.sted above. The plasmids were intrc 
duo. d ,nto /v. ^« >ffl *„ , eave3 by bombardmen and 
GUS activity was monitored by in situ staining " ' has 
be ftn concudea unambiguously that no blue foci epre 
sentmg GUS expression developed after hlh , 
with dicistronic constructs containing U1 
ihe two coding regions (negative control Ty^ontrTsfa" 
fm.ted number (3-10 in a microscope visto^a^ /, 
magnmcatlon of X20) of blue foci usual^ e „nf I 
dividual „„. developed ^^CL™^ 
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FIG. 3. Schematic representation of the dicistronic HCPGUS RNA Transcripts. (A) HCPIRES^GUS. thu S'-proximal CP gene with upstream 
sequence forming e potemiaity siaoi^ nairpm (h) ana GUS gene are separated by The IRES,*" (see Ivanover aL 1997). (B> HCPIRES^^GUS the 
228-nt sequence locarod upatrcam of the MP gene of crTMV W35 inscned between me CP and GUS genes. (C) HCPU 1 rPlJU , 4P GUS the 148-nt reaion 
upstream of TMV U1 CP gen« I* Iruu^d as the interclstronic 8p . w (see Ivanov *r a /.. 1 S97 J. <r» H C PU W ^GU8. the 22Q -nt sequence located 
upstream of The MP gene of TMV U1 was Inserted as rh e intercistronic spacer <E> IRES wr , n *'GUS. tha GUS g*n* cerryino the 229-m IRES c * 
sequence as the 6' leader. **mi',j?ji 



with dicistronic constructs LUC-IREScp.i« ch GUS LUC- 
IRES MP , 22e Cfl GUS and CP-IRES CPil ^ Cfl GUS t The same pat- 
tern of GUS staining was produced by The 35S-GUS 
plasmid DFF19G containing only the GUS gene (see 
Morozov et aL 1997). 

stmcturaI featurQ s of IRES M p. 22e Cf1 
Definition of The structures which comprise the active 
IRES MP CR in crTMV RNA'is important toward understand- 
ing the mechanism of internal ribosome entry mediated 
by this element. Computer-assisted RNA secondary 
structure determinations suggest that the sequence, 
termed JRES M p. 22!3 ca , can be folded into a secondary struc- 
ture, which could be divided tentatively into three regions 
marked by roman numerals In Pig. 7A. THe region I (nts 
from 4649 to 4744 of crTMV RNA) apparently exists in the 
form of moderately stable stern-loop (-io,3 kcaf/rnol) 
structure. The region II of lRES MP>2 , fl CR (nts 4745-4800) 
includes a potentially stable (-20.6 kcal/mol) hairpin 
structure and the region ill (nts 4801-4875) contains a 
potentially unstable (-7.2 kcal/mol) structure upstream 
from AUG codon of the MP gene. In addition, the region 
ill contains a 6-bp block (boxed in Fig. 7) mat IS conser- 
vative for crTMV ana TMVLM (see IRES MPin ^ in Fig. 7B). 
Furthermore a homology of the nucleotide sequences 



upstream of crTMV and TMV U1 MP AUG codons is 
noteworthy (UllUGULJUGAUA-AUG and UUUGUUU - 
AUAG-AUG in crTMV and TMV U1, respectively). ; And 
finally, the conserved 6-bp block including the conserved 
UUUGUUU motif just upstream of the AUG codon could 
be revealed in TMV and crTMV IRES MMb sequences.- In 
crTMV the sequence is almost a direct repeal of three 
copies (Pig. 9). 

The 75-nt regions upstream of the MP genes of 
crTMV and TMV U1 RNAs contain an internal 
ribosome entry site 

To study the role of different parrs of IRES MR22B Cft in inter- 
nal initiation, two additional transcripts were constructed. 
The Tfrst was the dicistronic HCP(AI)lRES Mn , l32 c "GUS tran- 
script (Fig. 8A) with the 95-nt region I deleted from 
IRES MPi22E Cf \ This truncated IRES WP retained the 3'-terminal 
132-nt region used as an intercistronic spacer. The second 
dicistronic transcript HCP(Af-il)IRES M , 7 , cn GUS retained 
only the ^'-terminal 75-nt part of iRES MP(Wfl CR (Fig. 8A), 
whereas most of IRES^ 5 " sequence was deleted. Figure 
8B shows that deletion of regions I and II did not reduce the 
translation of the downstream GUS gene. To compare pre- 
cisely the efficiency of internal initiation of translation 'pro- 
moted by the fRES M p. a2fl CH and IRES MR7S CK . the transcripts 
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nations above The panels are describod in a 9 " 



(HCP-IRESm^^GUS and HCP-IRES cs r;i ici u „ 

laidn in \aa~c „r,-j . lncSup .?s QUS) were trans- 

oemrl^ c ,h n aCt ' Vity 0f GUS reduced /„ v , tro was 
determined. Figure 9 shows thai the reduction of the inter 

™a a in Fig. 9). The equivalent 75-nt seouence from TMV 



" ,™ L h"*" ■ eaed in,emal lransla ^ion from dicis- 

• ironic chimer.c transcripts (Fig. 9c). however, the efficiency 
of translation mediated by IRES^' was ma*.dlj w 
ttanjai mediated by IRES MR , « ( C f. co ,umn s c and 77n 

Internal initiation of translation directed by me S"- 
untrans.atsd IRES M ,„« and IRES^' sequences 

JUJrinf^ ? f eXPGnrr L enlS ' lW ° ^P^S Of dicistronic 

3'UT « conrained *e MP CP qenes and the 

lixl rZ r °' ^ U1 (Fi9 - 10A) Were - 
3 'UTm lranSCnp ' s ° f The first type (IRES M(t „ e --MP-CP- 
crTMV 3 8Se H ed 3 '- pra *"^' 1610-nt fragment of 
crTMV RNA and contained the 75-nt S'-nontransiated 
eader sequence derived from the repiicase gen =. The 

Ln t .io' P H S ? th , e 5eCOnd ^ < IREi W J u, -MP-CP-3'UTR) 
contained the 75-nt S'UTR derived from TMV U1 reoii- 
case gene and represented the 3'-prox;m a i , 5 7e-n, fraa- 

Tr!nJl^H- RNA (RG - 10A) - T ^°™ ^« 
SI" S' S S6rieS WerS W » tobamovirus 

RF? ^mp A 9 o^m-J2 B thal Elation of 

IRES„,, 5 -MP-CP-3 UTR (transcripts t in Pig. 10 A) re : 
suited m both MP and CP 8 en SS expr eseio n. T he CP 
9 R e F n | expressed due to rh* presence of the 

RNA The product Of the CP gene translation was s Pe - 

?£r nOPreCipi,3ted bV emibod; ^ against 
crTMV CP (Ivanov ex a/.. 1997). The 5'-proximal MP gene 
was expressed from analogous transcript 5 (IRES ~ 
h a ;L P ?' U H TB, b3Sed ° n ^ ™ V U1 ™A -"-nee It 
er 3/.. 1983. K.berst.s ex a/.. 19 S3 ; Oliver ex a/.. 1986) that 

resu/t n tnc SVnthos e of tuun . „ ' 

nn ,.. nis „ ti , syntn-sie of lwo or mofe c-coterminal 
polypeptides wnh apparent molecular mass Of 32 KDa 
and less that are initiated at an internal AUG codons in 

ir i Fi 0 10AJ On the orh or hond, the MP gene or crTMV 

r e oTrr S C - Dn y nT° AUG C ° dons ,ocatea « the middle 
region (P,g. 1 0A ) and directs in.WQE a polypeptide wi h 

It t?« I' . '° a 9 reemer ^ wltn the molecular mass 

aminn^ . ( ~ 29 kDa) calc «'a»d Tom the deduced 
ammo acd sequence of the MP (Oorokhov er a/ 1994, 
Taking ,mo account the difference in methionine conTent 
betwean the MPs of crTMV and TMV Ul he Zp^na 
wn-onpta were tran 5 , aI ed in the presence o" TCJ am no 
acids mixture (Fig. 10B ) to characterize the ela ,v e L x 
P««,o„ leveis of the mp genes. To confirm unambigu. 

St orLr: X TT° n 01 ^ MP 9enes of and TMV 

IRES 1™ * y na ' ' n ' tia,ion on Ihe 5--ierminal 
^ES-containmg nontranslated leaders, we construe ed 
d.o.etron.0 transcripts that contained a stable hafrpTn h1 
structure immediately at tne 5" end and upstream oUr 1 
non tra n 3 , a ted 75-nt leaders (H.RESm,,-^^^ 
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FIQ. 5. Relative efficiencies of IRES MP ^ a CB and IREScr.un CR in directing Internal initiation of GUS gene (A) and obelin gene (B) in vitro translation. The 
diciatronic RNA transcripts (HCP-spacer-GUS; HGFP-b-pacer-obelln) translated in WGE contained different sequences as an intorcistronic spacers: 
IRES M >„ a CB (a), iREScp^^" (b). and IRESmp^b" 1 (c). The GUS or obelin activity in translation samples was expressed in terms of a relative expression 
levels as described under Materials ana Metnoas. Trie mean values Tor 5-6 (QUS In A) and \Z (obelin in B) individual translation samples arc givon. 
Standard error DarB ere presented. 



and HIRES MP75 U1 -MP-CP-3'UTR In Fig. 10A). Figure 10B 
shows that these transcripts (2 and 4) produced the 30- 
and 32-kDa proteins, respectively. By contrast, no trans- 
lation of the MP gene could be detected from a control 
dicistronic transcript 3 <HPL B0 -MP-CP-3'UTR) that con- 
tained downstream of H structure a polylinker-derived 
nonphysioiogical 80-nt sequence instead of IRES MR76 CR . 
Expression of the CP from this transcript (Fig/lOB) was 
apparently mediated by IRES cw , a CR . it should be noted 
that translation of the 5'-proxLmal MP gene was com- 
pletely abolished when the . dicistronic analogue of 
crTMV sgRNA \ ? contained the hairpin structure directly 
at the 5' terminus but did not contain the 75-nt 1RES MI > 
leader upstream of the MP gene (see the construct TBS 
MP CP in Figs. 2 and 3. Jvanov ei aL 1997). These data 
taken together suggested that the MP genes of crTMV 
and TMV U1 could be expressed from dicistronic ana- 
logues of I, sgRNAs containing the 75-nt leader se- 
quences between the hairpin and MP gene (transcripts 2 
and 4 in Fig. 10A) by a mechanism that was 5' end 
independent This strongly implies that expression of the 
MP genes from uncapped ! a sgRNAs of at least some of 
tobamovjruses might proceed by internal ribosome entry 
mechanism mediated by lRES Mf . element located in the 
5'-)eader sequence. This conclusion does not exclude 
that a traditional ribosome-scanning mechanism of the U 
sgRMA MP gene expression operates concurrently. The 
capacity of IRES M p. 7fi to promote the MP production from 



the 5 '-terminal H -structure-carrying transcripts 2 and 4 
was markedly lower than from H-lacking transcripts O 
and 5 in Fig. 10B). Figure 10B al9o shows that the trans- 
itional efficiency of IRES M p, 75 CH was somewhat higher 
than that of IRES M p 7 5 U '- 

In a separate experiment we tested if the 5'-terminal 
H-structure-carrying HlRESup.7 6 Cfl sequence also can' me- 
diate an internal initiation of translation in vivo. Figure 
10C shows that the 3'-proximal GUS gene expression 
can be promoted by JRES MR „ UH in tobacco mesophyll 
protoplasts elecuoporaLed with the 35S promoter-based 
HIRES MP(75 cn -GUS cDWA eoneirucls. 

An alternative explanation of our results would be 
that the sequence thought to be an !RES MP is instead 
an efficient cleavage site, particularly susceptible to 
nucleases in translation extracts. To show that the 
downstream cistrons were not being translated from 
degraaea RNAs, the transcripts were incubated in 
translation system (WGE) and RNA Integrity was de- 
termined by Northern blot analysis. We found that no 
significant changes in electrophoretic mobility or in- 
tegrity were observed after incubation in WGE of di- 
cistronic IRES MP , 22H cn - and IRES M p, 22e u, -containing tran- 
scripts (data not shown). In similar experiments, the 
stability of dicistronic constructs HCPIRES CPil4B cn GUS 
and HCPUl cr ™ SP GUS in translation system has been 
demonstrated by ivanov et af, (1997). 
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DISCUSSION 

According to the ribosome aconnina mnn.i rm^ mRNA would not be accessible to ribosomes. How 

1989, ,982), th. inxema, ORF? 0 f "J po yc.^ronS Sfrv ^ ? ■ alter " al,ve ™ de of a cap-Independent transla- 

e poiyclsrromc sukary- T10 n mmaiion has been described for a variety of viral and 
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cellular mRNAs (reviewed by Belsham and Sonenberg, 
1996; Pain, 1996). 

It long has been known thai only the 5'-proximaI gene 



of tobamovirus genomic RNA can be directly translated 
by ribosomes. A dicistronic uncapped sgRNA called l 2 
directs translation of only M P, whereas a second, capped 
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FIG 9 The 75-nt regions upstream of The MP genes nt crTlviv and 
TMV UT RNA contain IR£S. The Oiciaironic RnA tranoor.pts HCP- 
sp3 cer-GUS translated in WGE contained ihe following sequences as 
an imercisironic spacers- «REJ>^ r . ca (*>, lRES e p.,. B CR <b). lBES-..» (c), 
ond iRELS^ 7!) r - fl cd). Th« GUS activity was expressed as described under 
Materials and Methods. The mean values for 5-HG-individu9l translation 
samples are given, 



different reporter genes aespiie their 3'-praximol lo- 
calization. CR 

Interestingly, the crTMV IRES CPiH9 e and IRESmpkm are 
active either in animal-cells-derived (RRU or pient-cciis- 
derived (WGE) systems. By contrast, poliovirus and en- 
cephalomyelitis virus (EMCV) RNAs are nonfunc- 
tional in WGE. whereas EMCV RNA is highly functional m 
RRL (Dorner et aL 1984; Jang et aL 1988). 

Tnen we compared the relative efficiencies of 
IRES MP228 CR and IRES W -. C " in directing internal transla- 
tion by inserting each IRES into a single dicistronic 
construct. Determination of GUS (Fig. 5A) and obelin (Fig, 
SB) activity produced by the 3'-proximal reporter gene 
showed that the efficiencies of two IRES S did not^differ 
dramatically although the activity of the IRES WP , 220 CR was 
somewhat higher. To gain insight in the functional pecu- 
liarity of an lRES MP . 2Ee CR . the equivalent 228-nt sequence 
from TMV Ul RNA was lakefi as the intercistronic se- 
quence {U1m-*» sp > contemplated as the negative control. 
Contrary to expectations, the Ui MK K« ar was capable of 
mediatina internal translation from dicistronic transcripts 
(Figs. 48 and 5B). By analogy with the lRES MP , 2Zt( of 
.crTMV, this seauence was referred to as lRES MP . ??fl , 
Although the functional significance of these observa- 
tions was obscure, our results indicated that both to- 
bamoviruses contained an IRES elements upstream or 
their MP genes that allowed 5'-end-independent in vitro 
translation of the second cistron when placed into the 
intercistronic region of chimeric dicistronic RNA. It i9 
.apparent that the conformational properties of iRE3 MP 
sequences may be totally different in the synthetic dicis- 
tronic transcripts and genomic Tobamovirus RNAs. Non- 
functionality of the IRES^a sequences within the 



genomic TMV U1 and crTMV RNAs could oe due to the 
extensive secondary structure and inaccessibility of this 
region lo ribosomes in full-length tobamovirus RNA. 

It was not excluded that requirements for internal 
initiation of translation in a plant cell may differ from 
requirements in a ceil-free translation system. It has 
been reported that the region upstream of the CP gene of 
tobacco necrosis virus genomic RNA promoted interne! 
translation in WGE; however, this region was functionally 
inactive in vivo, in tobacco protoplasts (Meuiewaeter er 
aL 1992). Two lines of evidence indicate tnai me 



IRES„ P22U L, \ and IRES, 



promote ins 



IRESop. 

downstream gene expression in vivo. The 3'-proximai 
GUS gene was expressed from dicistronic IRES-carrymg 
35S promoter-based constructs in tobacco mes'ophyll 
protoplasts (rig. 6) and after microprojectile bombard- 
ment of N. benthamiana leaves as visualized by in situ 
GUS staining. The relative levels of GUS expression in 
protoplasts iransfected by monocistronic GUS gene-car- 
rying construct pFFi9G (Fig. 6e) were dramatically 
higher than expression of the GUS gene from bicistronic 
IRES-contatning constructs (Fig, 6. a-c). U should be 
noted that these cDNA constructs varied in size from 
-1.S tb ( P FF196G: Fig. 6e) to 4 kb (HLUC-IRES-GUS; Fig. 
6C), i.e.. the molar amount of the capped monocistronic 
GUS mRNA transcribed in vivo from pFF19G should 
markedly exceed the productivity of bicistronic con- 
structs. Although the results presented in Fig. 6e cannot 
be interpreted directly in terms of a quantitative compar- 
ison of GUS gene expression from the respective mono- 
cistronic and bicistronic transcripts, it can be suggesied 
that translations! expression of monocistronic GUS 
mRNAs is higher than that mediated by the IRES M P22u 

(Fig. 6a 



To study the role of different parts of IRES w p, 2?s 



in 



internal initiation, two deletion mutants were constructed 
that retained the 3'-t«erminal i32-nt v [(AI) IRES wtPiar CP ] and 
75-nt t(Al-ll) lRES MPi7b CR ] regions of IRES WP . 22a Cft , respec- 
tively (Fig, 8A). K was found that deletion of the 3'- 
tcrminol regions I and II (see Fig. 7) did not reduce (Fig. 
85) and ev<?n increased (Fig. 9) the ability of lPES MK/!> to 
direct internal translation of GUS gene from dicistronic 
transcripts, suggesting that these sequences were not 
involved in IRES^m^ function. Although the boundaries 
of IRE3 M p CR have not been defined precisely, deletion 
analysis allowed to conclude that the IRES element is 
contained within the 75-nt region upstream of the MP 
gene (region III in Fig. 7), The functional role of the 
separate sequence elements of IRES M r,7 2 essential tor 
the MP gene expression is obscure, Our results indi- 
cated That IR£S MK7E) cn that is unusually short, is markedly 
distinct from IRES3 of picornaviruses and other eukary- 
otic mRNAs described so far. Furthermore this observa- 
tion has drawn attention to the fact that the length of the 
75-nt IRES MP , 75 CR was very close to that of the 5'-untrans- 
lated leader sequences of I* sgRNAs of tobamoviruseSf 
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The 5'UTR of TMV Ul \ 2 RNA consists of 75 nts (Lehto er 
a/„ 1990} and the 5'UTR of r^rTMV I, RNA is 76 nt long 
(V. A. Efimov 9t ai., personal communication). 

The IRES-mediated translation ie typical for mRNAs 
that contain their long and highly structured 5'UTR*. 
These RNAs retein IRES elements so that ribosomes 
may bypass stable secondary structures' at their 5' ter- 
mini. H is hard to predict whether the- 5'-leader se- 
quences of U sgRNAs can actually hinder the MP gene 
translation; however another feature namely the lack of 
a 5' m 7 G-cop in TMV Ul l 2 RNA (and presumably, in 
crTMV \- £ RNA) should make the Ij. RNA a poor template 
for translation. Consequently the question arises as to 
whether the 5'-proximo1 MP gene of aubgenomie RNA l 2 
is translated by a "scanning ribosome" mechanism or 
whether their 5'-terrninal untranslated IRES^,^" and 
IRES MP ., & U1 sequences are capable of mediating internal 
ribosome binding on the 5'UTR of RNA 1^. To test exper- 
imentally this hypothesis, the dicistronic uncapped T7 
RNA\ranscripts 5'UTR-MP-CP-3'-UTR were synthesized 
(Fig. 10A) that were structurally equivalent to dicistronic 
l z sgRNAs produced in vivo by TMV L J 1 and crTMV, 
respectively. It was found that the S'-proximal MP genes 
could be translated from RNAs of this type even when 
they contained a stable hairpin structure immediately at 
the 5' end, upstream of the nontranslated 75-nt se- 
quences (HIRES MP .75 U1 -MP-CP-3'UTR and HIRESmf.ts 08 - 
MP-CP-3'UTR In Fig, 10B). The presence of h structure 
upstream of the 5'UTR ruled out the possibility of the MP 
gene expression oy a noosome scanning mechanism; 
however, the MP genes still were expressed. The results 
indicated that tne efficiency ot ireSmp^ was somewhat 
higher in mediating the MP production as compared with 
IRES MPi7C u ' (ct lanes 2 and 4 in Fig 10B). Tms Is In 
agreement with the results showing that the relative 
efficiency of lRES MPi75 Cft in directing internal initiation or 
GUS gene translation was significantly higher than that 
of IRES MPi75 u ' (cf. columns c and. d in Fig. 9). It is, possible 
that the IRESmp.?* 00 sequence is functionally active when 
located at the 5' end of \ z sgRNA (but not in the full-length 
genomic context) because of competing RNA folding 
with TMV sequences not present in the reporter gene or 
I s RNA context. This is consistent with the fact that the 
IRES MPl76 pr is more active than H- IRES MP|Ma cft (Fig. 9). 

The 30-kDa MP is produced transiently, early in the 
infection (Watanabe et dl., 1984; Moser at ai, 1988; Lehto 
etai tl 1990) and in low amounts {Moserer ai., 1988). Little 
is known concerning the regulation of the 30-kDa MP 
gene expression {for review, see Dawson and Lehto, 
1990). Our results suggest that initiation of in vitro trans- 
lation of the MP gene can occur by direct binding of 
ribosomes to the 5 r -untranslated leader of i 2 sgRNA. 
Moreover the results presented4n-fig : IOC indicate that 
the 5'~terminal H-structure-carrying HIRES MP(75 CH se- 
quence also can mediate an internal translation of GUS 
gene in vivo, in tobacco mesophyll protoplasts. Evidently 
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our conclusion that translation of the MP gene can be 
promoted by an IRESwd element does not exclude thai a 
traditional ribosome scanning mechanism of this gene 
expression operates concurrently. 

MATERIALS AND METHODS 
Viruses and RNA 

TMV Ul and crTMV were isolated from systemicaily 
infected Nicotiana xabacum L. cv. Samsun plants as 
described previously (Dorokhov er ai., 1994). 

Plasmid constructs 

The plasmids pCP, pH-CP, pH-CP-IRES CPil<V(J rn GUS, and 
dH'CP-U1 

cp.mb ' GUS were described previously (Ivanov 
eial., 1997). 

The BQhes of CP-MP Transcripts (Pig. 1X The construct 
pH-CP contained T7 promoter, the 102-nt inverted tan- 
dem repeat (hairpin structure H in Fig. 1G and CP gene 
of crTMV inserted into pBiuescript SKI 1 4- ptasmid as a 
PCR product). The MP gene of crTMV containing the 5' 
terminal (i) 52-nt polylinker-derived leader or (ii) the 
22S-nt sequence upstream of the MP gene (LMPCP in 
Fig. 2A P Ivanov efo/., 1997) was digested with Xba\-Sac\ 
and cloned into pH-CP u3ing Xool-Sacl sites to obtain 
final constructs pH-CP-MP and pH-CP-IRESmp^b^-MP, 
respectively. 

The series of dicistronic H-CP-GUS transcripts (Fig. 31 
To obtain pH-CPIRES M p. 228 Rn GUS the 228-nt /Y/ndll1-/Vcol 
fragment from pH-CP-IRES MPt22B CR -MP was cloned to- 
gether with Nco\-Xba\ digested GUS fragment from pH • 
CP-IRES CP>14B Cf, GUS into pH-CP (Fig. IB) using Hind\\\ and 
Xba\ sites. In this series of constructs, the H-structurc 
was truncated to 68 nts using C/al site. 

The PCR product was obtained by RT-PCR of TMV Ui 
genomic RNA with (i) direct primer (asraarrcCCTAAAGT- 
TG ATCTCG AAACT) corresponding to the 228-nt region 
upstream the MP gene and containing ecori site ana (n) 
reverse primer ( g a t ccca /gpATAAAC AAACTTCTAAAAA- 
GA) with Nco\ site. The PCTJ product was digested witn 
EcoR[-Nco\ and cloned together with Nco l -Xba\ -di- 
gested GUS fragment 'into pH-CP (Fig. 1B) using EcoH\ 
and Xba\ sites to create pH-CP-U1 mpjh^GUS (Fig. 3D). 

The series of transcripts with truncated iRES Mn22g Cft 
and ]RES MP>22B °\ The PCR product was obtained by RT- 
PCR of crTM V genomic RNA with (t) direct primer (agssf- 
fcGTATTTTCACAGTTAG ATG AG ) corresponding to the 
132-nt region upstream the MP gene and reverse primer 
mentioned above. The PCR product was digested with 
Hind\l\ and Nco\ and cloned together with ■ Nco\-Xba\- 
digested GUS fragment into pH-CP using H/ndWl and 
Xba\ sites to obtain pH-CP-(Al)IRES MWt: CR GUS {Fig. 8A). . 
To construct pH-CP-(AI-!l)JRES MP7B cn GLlS. a product was 
obtained by RT-PCR of crTMV genomic RNA with direct 
primer (apaattcGTTTGC i I I ! I GTAGTAT) {DP MP75 C ") cor- 
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?ig P SAT" 9 l ° ?5 " m r ° 9i0n UpStream lhe MP gene 

B-^o^J^ Wa *" GUS was used 10 tr uncate Ui SP using 
Rr-PoR or crT MV genomic RNA by similar procedure 
with (1) direct primer (aaaarrcCCTCCAGGTTCGTTTGTT- 
TAT) ( D P U , corresponding to the 75-nt reaion up- 
stream ihe MP gene and (ii) reverse primer taeicccata- 
0ATAAAC AA A CTTCTA A A A A G A) . PGR product 2s 
cloned between EcoR\ and A/col sites, as described 
3DOvs resulting , n p H-CP-|RES Mf ,, s u 'GUS 

*™J! r S 1 eS ,°f dicistron 'C H-GFP-obelin tnwsripts 
EcoH\-Kpn\ polylmker fragment from pBluescript 5KII + 
was cloned together with Kpn\-BamH\ fragment from 
ZLZJ, p 1010 pS,uescri P' SKIH- using EcoRl and 

™ ' n ( e w U,t, . n 5 ^' aS,nid PH - GFP was di 0^ted with 
H"idlll. hlled w ,th Klenow fragment, and ((gated back to 
elim.na.e FcoRi and HindiU sites. Then it was restricted 
w.ih Nco\, filled with Klenow fragment and .(gated back 
-■eliminate Nco\ at the very beginning of qfp gone 
To obtain pH-GFH-IRESo^obeiia'the obelin gene 
was constructed as a PGR product using pl aS mid p olb 
,Mlar,onov er al 1995) as a template. A/col-site-contafn- 
4« T\?? 6 > ^-'-containing reverse prim.™. Th e 

ol^-t^ h *$™f COnta,nina ' RES - ° f Cr ™ ; 
a/ , "^c™ GUS - was cloned together with 

A/col-modified obelin gene, digested with Nco\ and Xb s \ 
into pH-GFP using filled BamHi sire and Xb Bi site 

IRES «r,% £COR| - A/CO ' ,ra 9™™ from pH-CP- 
«t55^ ? , GUS was cloned into dH-gfp-IRes™. «- obe . 
in us,ng £ C0 R, and A/ co , 5ires w oblain c 
IHts MP2 2a -obelin. 

PCR product 
iRES MI 



(see description of the pH-CP- 
^ • construct) was digested with Nco\ and 

Cloned into pH-GFP-IRES^^-obelin using £coM (blunt) 
and /vcol sites to obtain pH-GFP-.RES Mr „Aobe.i^ ' 

'oZIhITII^?"* ™ VU1 '*-' ik ° scripts (Fig 
tescfim ^ f ^ fraS , mem Wy " dm -^' mned) from 
using M„ d ||| and Smfl| , sites Resu| 

sffTenu^H C/a ' Haat6d back to ^^ at rl d , 
site. Requ.red restriction sites were introduced into ob- 

XmHI ?JT id , bV C '° nin9 im ° ^"H,-^, ""e: tn e 

aamHI~X^| oolyhnker fragment from pGEM7Z OD- 

duces a Stable hairpin structure in corresponding tran- 
script (see Fig. 7Ah in Ivanov eT a, 1S9 7) P ° ndmg tran 

JmvIvZCT^'^*- PCR P^oto^i^d from 
crfMV cDMA clone (Oorokhov era/.. 1994) usina DP <* 

c7TMv v MP e Q Dr,mer c °^ ie — » 

crTMV MP gene was digged with H/ndUl and e«jR 
^im^ Ltcne LMP-CP {Jvanov et al 1997) inrn 

ph"res pt sk - \£T us,ns ^ dl " and 

pH-IRES^ P76 CR -MP-CP-3'UTR. c (fliled)-s-rf fr-n 
ment from p,RES_-. MP . CP . 3 , UTR f ^ 

PHSK using BamH\ (filled) and Sad sites. 




PH-PL„-MP« CP=»-3'UTR. fl a r7,HI-5 a cl fragment from 
p TB 2 -mp : cp-3'UT R (lva ncv er 1997) was "cloned n to 
us ' n 9 ea ^ HI ™* Seel sites. Resulting piasmw 
conumed the 80-m polylinker-derived spacer between H 
and initiation codon of the MP gene 

TMu R nf Mh, £': MP " CP " 3 ' UTR - PCR P roauct obtained from 
^ cDNA cl °"e "8'^ dp v , 75 - and reverse primer 
complementary to TMV U1 MP gene was digested with 
Eo 0 R\ and Wodlll and cloned together with A/i>jdlll-to/,| 
ragmen, from TMV U1 cDNA Clone TMV204 (LehtO et al., 
1880) mto PGEM3Z using £com ana Kpn\ sites 

PH-IRES MP ,^-MP-CP-3'UTR. EcoRl-^al fragment 
from plRES, P , 75 --MP-CP- 3 'UTfl was cloned into P HS K 
uemg .EcoRI an d Xba\ sites. P 

Tn T ^ 3 f 3 pm / noTer ' basecl ^US-expression constructs. 
To construct the 35S promoter-based clones dicistronic 
conetruc, 5 , CP- 5pace , GUS , LUC-spacer-GUS H LUC 
"p C ?r? US H - ,RES -^ a GUS were cloned in the 
• - pi- 1- is piasm.d (Timmermanns eta/., 1990), 

In vitro transcription ana translation 
The plasmids of the series dCP-mp d h-ipf«? c» 

t«r I ST ^ W8re " nesrized ^ EC1136II (Fermen- 
nu rpp T', 6 plasmi ^ of the series pH-CP-QUS. 
IRES S, B f ES - U ''MP-CP. 3 <UTfi, S nd pH 

nSrr/T : 3 UTR were ^xbai T he 

linearized Dlasm.ds w=,re transcribed /„ ./ rra a5 ae . 
scribed earlier fTomashevskaya era/.. 1993). and aga- 
S th. e,ec,rophore81e of PNA transcripts confirmee- 
hat they were mtact The RNA concentration was quan- 
titled by spectrophotometry. 

in ^'ifif UnC ! PPed mRNA ira ^cn ptS were translated 
■n RRL as desenbed earlier (Ivanov er ,/.. 19g7 , Q r In WGE 
according to lhe manufacture^ (P r0 mega and Boehr 

S Pr0tOC01 in the P^-ncJ or - 

onme or f C ] sm.no aoide mature for 80 mm at 25°C 

SSS-SSi - , : a ? s ' at , ion produc,s were ana, ^«d b y 

d? e dne?V s ho 5°k d by auraradi °9^Pny on the 
veale^.n rp, * "° Ted That the 42 ' kDa band re- 

^ns!X°n d '' CiStr ° niC *™ n ^«P» -P°n /, wrro 

byI^dSd St Z iC H RESS COntainin ° transcripls "tain* 
ir •« Procedure were translated in WGE, and their 

ana e , 9 y sX W TPn eXamin ! d afTer lransl ^«on by North.^ 
fr^, J -I m|Cr olite^ of translation S3mpie wqs 
trea l9d w lth pneno |, then with pnenol/chloroform (H) 
and finally with chloroform. Total RIM A from .the aamo le- 

The% P / m n; Pi,aled W ' ,h ethan °' diSSOlVed »"™«r - • 

h,n! h k P ! S W3S tr f atSd accordi n3 to standard Northern' 
blot hybr,d,zat.on (Sambrook er a/.. 1939, witn 

transcribed -P-labeled specific riboprobes 
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Protoplasts preparation and transfection: 
determination. of GUS and obelin activity 

The following procedures were uaed; (i) the proto- - 
plasts were isolated from A/, rabacum {cv. W3S) leaves as 
described by Saalbach et aL (1996). AMquols of 4 X 10 6 
protoplasts were co -el ectrop orated (elecTric impulse of 1 
ms at 750 V/cm) with 10 /xg of pFF19-based dicistronic 
ON A constructs "CP-spacerGUS" and 10/i.g of pCLN 
DNA containing the firefly luciferaso (LUC) gene (Callis 
et aL, 198?) and incubated for 13 h at 25°C in the dark. 
GUS activity was measured as relative light units (RLU) 
by TROPIX GUSHight kit following the manufacturers 
protocol and using a LKB 1251 WalJac luminometer. LUC 
activity was measured using Promega kit according to 
the manufacturer's protocol. LUC activity was measured 
to have an internal control. GUS activity was calculated 
by normalizing it with LUC activity in each sample; (ii) the " 
protoplasts were isolated trom N. taoacum (cv. SR-1) 
leaves and transfecteci with 15 jjlq ot pFPig-daserf diefs- 
tronic constructs (LUC-spacer-GUS and H-LUC-spacer- 
GUS) using PEG-mediated DNA transfection (Negrutiu er 
aL, 1987). GUS activity was determined according to 
Jefferson (1987). For each experiment, background GUS 
activity associated with nontransfected proidplasts was 
subtracted tnroughout. Protein concentration was- esti- 
mated using a Bio-Rad protein assay kit based on the 
method by Bradford (1976). 

To characterize the relative efficiencies of different 
IRESs in directing internal translation in Iransfected pro- 
toplasts. GUS activity was presented in terms of a rela- 
tive expression levels. Extremely inefficient but detect- 
able expression level was directed by dicistronic con- 
structs containing U1 CPiUe sp as an intercistronic spacer. In 
each experiment, this level was taken as one unit of GUS 
activity. The same way was used for measuring relative 
expression levels of GUS and obelin genes in WGE. 
Obelin activity was measured according to Matveev eta/. 
(1995). For each experiment, background GUS {or obelin) 
activity associated with WGE without exogenous RNA 
was subtracted throughout. 

Particle bombardment 

Panicle bombardment was performed using the flying 
disc method with high-pressure helium-based apparatus ,■ 
as described by Morozov el aL (1997). 

Secondary structure folding 

The secondary structure folding of the IRES m „,„m cr and 
IRES Mrr , 5 U1 was performed using the GENEBEE package. 

ACKNOWLEDGMENTS 

We are grateful to O. Frotova and M. Arkhipanko for exGlleni techni- 
cal assistance, Our thanks also go to D/a. D. Pruefer and J. Schiemann 
lor muoh advices and help in Experiments on protoplasts transfection 



and to G. Gltelson for providing the pOLG ptasmid. In particular we are 
fndebted to E. Karger for sequencing the dicistronic constructs of the 
i : -iike series. Tliia work was funded in part by Russian Foundation (or 
lioaic Hesenrch, INTA5 Gram SG-857 Ann joint Russian Foundation for 
Basic Research and Deutsche Forschun^-CScmrrinncJ-ioft Grant 9e-0<J- 
00-117. 



REFERENCES 

B«*chy, R. N., 'and ZaiUin. M. {1377). Characterization ond in vitro 
translation of the? RNAs from less-than-fuM-length. vii-ufc-roiwiud, nu- 
cleoproteln rods present in tobacco mosaic virus orepsratiens Vi- 
rology 81, 160-169. 

Belsham, G. J., and Sonenberg, N, (1996). RIMA-protein interactions in 
regulation of picornavlrus RNA translation, Microbiol Rbv. 60 499- 
611. 

Borman, A. M.. Bailly. J.-L. Glrard. M., 9 nd Kean, K. M. (1QQ5).. Picorna- 
viral Internal ribosome entry segmentsi ComDsrison of translation 
efficiency and the requirements for optimal internal initiation of 
translation. Nucleic Acids Res. 23, 3656-3863, 

Bradford, M. M. (1976). A rapid and sensitive method for the quantita- 
tion of microgram quantities oT protein utilizing me principle OT 
protoln dyo binding. Anal. Bioch&m. 72, 

Bruening, G-. Beachy R. N.. ScbIIb R.. and Zaltlin M. (1976). in vitro and 
in vivo tranalation of the ribonucleic acids of cowpea strain of 
tobacco mosaic virus. Virology 1\ 498-517. 

Calils. 1, Fromm, M„ and Walbot, V. (1987). introns increase gene 
expression In cultured maize cells. G&n&s Dev. 1 t 1183-1200. 

Dowoon, W, O., and Lchto. K. M. (1990). Regulation of toDamovlrue gene 
eypi^fision. Adu Virus Res. 38, 307—34.2. 

Darner, A. J.. Semler, B. l_. Jackson. R. J„ Hanecok. R., Duprey. E.. and 
Wimmer, E. (1984). In vitro translation of poliovlrus ftNAi Utrliration of 
internal initiation sftes in reticulocyte lyaate. / Virol. 50, 507-514. 

Dorokhov, Yu. L. Ivanov. P. A., Novikov, V fc_, Agranovsky, A. A.. Moro- 
zov. 3.Yu.. Etimov, v A.. Casper, r., and Atabekov. j. G. (1994). 
Complete nucleotide ccqucnoc and genome organization of a to- 
bamovii'us infecting cruclfprao plants. FEPS ton. 350. 5-£. 

Dorokhov, Yu. L. Ivanov, P. A., Novikov, V. K.. Efimov, V A., and 
Atabekov, J. G, (1993). Cruciferous tobamovlrus= Nucleotide se- 
quences of movement protein, coat protein gene and 3' untranslated 
region. DoKI. Russian Acad. Set, 332, 518-522. 

Goelet. P.. and Karri, J, (i3az). Tobacco mosaic virus induces me 
eyntheeis of a family of 3' coterminal messenger RNAs and their 
complements. / Mot. Blot. 15^ 5*1-550. 

Guilley, H„ Jonard, G. T Kukle, B.. and Richards, K. E. (1979). Sequence of 
1000 nucleotides at the 3' end oi tobacco mosaic virus RNA Nucleic 
Acids Rqs. 6, 1297-1307. 

Herreron, K, L. Knallllan. H. ( Xu t h., and AbouHaidar, M. G. (1997J. 
Expression of the ooot protein of potato virus X from a dicistronic 
mRNA in transgenic potato plants. / Gon. Virol. 7Q. 3051-3059. 

HEgglns, T. J. V., Goodwin. P. B.. and Whitfield P. R. 0976). Occurrence of 
short particles m beans Infected with cowpea strain OI TMV II. 
Evidunce that short panicles contain the clstron tor coat-protein 
Virology 71, 486-497 

Honda, M., Fin*?. L-M., RljbranC. R. C. A.. Ampnifin, Clarke, B. t 
Rowlands. D.. and Lomon, S. M. (199G). Struoturol requirements for 

initiation of translation by internal rlbosorriB entry within genome- 

fength hepatitis c virus RNA. Virology 222. 31-42. 
Hunter, T. R., Jackson. R., and Zimmern, D. (1983). Multiple proteins and 

subgenomic RNAs may be derived from a single open reading frame 

ot tobacco mosaic virus. Nucleic Acids Res. 11, 801-821. 
Illarlonov. D. A.. Bonder, V. S„ lllarionuva, V. A., and Vysotski, E. S. (199b). 

Sequence of the cDna encoding the Ca <il, -activaTed photoprotein 

Irom the hydrold poiip Obelia lonpisstma. Gene 153. 273-274. 
Ivanov. P. A. karpova. 0- V. ( Skulachev. M. V, TomashevekBys, O. L ( 

Rodionova. N. P., Dorokhov Yu. [_, end Atabekov, J. Q. (1997) a 



154 



SKULACHEV ET AL 



looamoviYus .genome that contains an Internal riboaome entry sir* 

functional in vitro. Virology 232, 32-43. 
Jane. S. K., Krau«lich, l-i. G., Nicklln, M. J. H,, Duke, C. M., Falmenbcry 
C " and Wimmer. E. (19SS). A ee d rnwm of the C'-nontransilisted 

region of enc&phalomyocardrtis virus RNA directs internal «mry ol 

rlbosomes during in vitro Translation. / Viral. 62, 2636-264^ 
Jefferson. R. A, (1987). Assaying chimeric genes In plants- The GUS 

ge^e fusion sysTem. P/anr ff/o/. /?ep. 5. 38? 405 
Joshi, S., Pi» U( C. W. A.. Hocnni. A. U Cnapevile, F.. ahO BOSCh. 1 . (1983) 

Properties o( lh e tobacco mosaio virus Inicrmcdiote length RfMA-2 ' 

and its translation. Virology 127, 100-1 11 
Kibersiis, P A Pessi. A. Athlon. E., Jackson. Rl . Hunter. T and 

09831 AnalyS,S ° f in W "° snd in ™ Pra^ucui of the 
. TMV 30 koa opsn reading frame using antisera raised sgainsi a 

synthetic peptide. FEB3 Lett, 104, 365-300. 

Kozak, M. (1989). Th© scanning model for translation: An update. / Mol 
BioL 108 t 229-241, ^pu*ww. ^o/. 

K pfj ^ ), e-^ fl Re9 «- ,aii0n ° f !rans,ation in eukaryoiic system,. 
HQV. C&/I BlQL 8, 19^ 225. 

Lento, k. Granmam, G. L, and Dawson, W. O. (1990). minion of 
sequence containing the coat protein sub-gnomic RNA promoter 
end reader i n front th* tobaooo mosaic virus 30K ORf delays its 
' H5HS7 ° n CaUSe5 de+eCTiV/ti can -»-e*» movemem. Virology 174, 

M rr v a h a k ; ; !H ar,o c^ ?■ A< vysot£ky ' e - s - B ° ndar ' V ' S - . 

S V.. and Aiakhov, Y B. (1995). Obelin mRIMA-a new tool for studio 
oFtranalat.cn in celf-Tree Systems. Anah Biochem. 231 34-39 

Meulow»«» r . R, CorncJioocn, m.. and van Emmeio, J. (1992) Sub> 
genom.c RNAs mediate expression of cistrong loosed interna/iy on 
the genomic RNA of tobacco necrosis virus *rr*m a j v,ro! ee 
6419-6428. * 1 

Monwov, aYo. Fedorkin. O. N.. Jurtner. a. Schiemann. J.. Baulcombe 
d. c, and Atabekov, j. q. (199?). Complementation of a potato virus 
X muam mediated by bombardment or plant tissues with cloned Viral 
movement protein genes. J. Gen. Virol 78 2077-2083 

**£?'Sr G J" 8ey - M " J " G ^oy-Colburn, Tl . EllmortlTschurE M 
hka f K \ and Mundf V. K -W. (1988). The fate of the tr a „ fi port 
protem of tobacco mosaic virus in systemic and hypersensitive 
tobacco riosts. / Gen. Virol. 69, 1357-1373 '/^sensitive 

Negrutiu, I.. Shilito. a 0.. Potrykus. I.. BW„L G., and Sal.. F. (1337, 
Hybrid genes ,„ rh e analyaia of information conditions. I. Setting 



up a simple method for direct gene transit in plant protoplasts Hlsnt 

Mai, Biol. 8, 363-373. 
Oliver, M. j.. Deom, C. M.. De, B. K.. and Beach* R. N. (1986) m viiro 

transcription and Translation of cloned cDNAo encoding the 30-kDa 

protein gene Of TMV. Virology 1SS, 277-283. 
Pain, V. Ivl. (1996J. Initiation of protein synthesis in eukaryotic cells Eur 

J. B/ochcm. 238, 74 7-771. 

Paluksitis. P.. and Zaitfin. M. (igss). Tobacco m= aa i e vi, u =. mfectlvh* 
and replication, In "The Plant Virus" (M.H.V. van Reaenmonol an d M. 

d f h rsonk ' e| - C01 '"^ Ede.), Vol. 2. pp. ,05-131. Plenum Press. NY. 

Pelham H. a B.. and Jackson a j. 119-/6). An efficient mRNA-dependent 
llylts*" SVStGm ,r0m fGIiCulnf:y,G! 'y Ba,es ' Eur - J - Blochom. 67, 

Peyncid* j. t. K amin8ki , a., corron. a. k. Clarke, b. E.. Rowlands, dj 
and Jackson, a j. (19 98 ). i n , erna | initiation of translation of hepatitis 
C Virus RNA= The ribosome entry site is at th» authentic initiation 
ROClon. RNA 2, 867-878. 
Saalbach. a. Rosso, M ., end Schumann, u. (1995). The vacuolar tar- 
H«ing signal of the 2 S . a |bumin from Benholletla exe lsa residP* at 
the C-terrnin 3 | propepiide as an essential element. Plant Physiol 

112. Q7S--965. 

Sembrook. J.. Cri.=oh, E. P.. u„d M«ni.u a , T. (isse>. "Molecular Cloning: 
A laboratory Manual." 2™ Gd. Cold Spring H.rbor Lsb^ry P, c «, 

Cold Spring Harbor, imy. 

Si war S | in^r 1 S -, M - SChU ' Cl D ' E - Lemon - 3 ' M - » n « "USheh- 
war, |, K. (1996). Translation initiation In GB viruses Aand C- Evidence 

OFF clasmlds: Cassens ut,l, B ,ng CaMV sequence*, for expression Of 
foreign genes in olsnts. J. Bioteohnol 1* 333-3,4* 
romashevsicaya. O. U., Solovyev. A. G., Karoo v a . o. v.. F e0 orklr. o N 
Rodionova. u P.. Morozov. S.Yu., and Atabekov. J. Q. (1993) Effeow of 
sequence elements in the potato virus X HNA 6" non-translated 
S* 1 " its lranal «lon enhancing activity. / Gon. Virol. 74, 

(1984). Synthesis of TMV specific him As and proteins at the early 
stage 0 f infection In tobacco protoolasta: Transient ww^on of th= 
30K protein and its mRIMA. Virology 133. 18-24. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



JZI FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 




